INTRODUCTION
============

Osteoporosis is a chronic disease with high prevalence worldwide,\[[@B1]\] which is responsible for great economic burden for individual and society as a whole.\[[@B2]\] The disease is characterized by deficiency of bone mass, bone strength and alterations in bone microstructure, which can lead to a higher risk of stress fractures.\[[@B3]\] Although we recognize the importance of bringing attention to the treatment of osteoporosis and its consequences among adults and elderlies, it is equally essential to focus on disease prevention during youth.\[[@B4]\]

Adolescence is a crucial juncture for bone mass acquisition,\[[@B5]\] and studies have shown a relationship between low bone mineral density (BMD) in adolescence and the occurrence of fracture \[[@B6]\] and osteoporosis in adulthood.\[[@B7][@B8]\] Along with biological factors, nutrition and having an active lifestyle \[[@B9]\] are influencing factors linked to peak bone mass gain reached in adolescence. Among adolescents, sports participation is a typical indicator of physical activity.\[[@B10]\] The osteogenic effect attributed to sports is mainly produced by muscle\'s mechanical load and strain on bones, affecting bone strength and geometry in sites specifically led by the form of activity.\[[@B11]\] However, not all sports have the same effects on bone; a minimum duration and intensity are required for this osteogenic stimulus to be produced.\[[@B12]\]

Studies have shown that high impact sports have greater osteogenic effect than non-impact sports, such as swimming or cycling, in children, young adults \[[@B13]\] or older adults. \[[@B14]\] Regarding swimming, the sport is widely performed around the world and its practice is recommended for all age groups.\[[@B15]\] However, one systematic review analyzed the effect of swimming on bone mass, and was not able to conclude if swimming negatively affects or is neutral to BMD accrual.\[[@B16]\] In fact, swimming in \"hypogravity\" conditions has potential to decrease the bone formation because it decreases the time engaged in weight-bearing activities usually observed in the daily activities of adolescents.\[[@B17][@B18]\] Therefore, adolescents engaged in organized sports who compete at the national levels would be more exposed to these deleterious effects, because they are engaged in long routines of training during most part of the year.

The objective of this longitudinal study was to analyze the effect of swimming on BMD gain among Brazilian adolescents engaged in national level competitions. We have hypothesized that BMD gains in swimmers are similar to those gains observed in the control group, as well as the time exposed to swimming practice is determinant on BMD gains independently of sex and biological maturation.

METHODS
=======

1. Sample
---------

This is a longitudinal study conducted from October 2013 to August 2014 and it was previously approved by the ethical board of the university. In the present study, the adolescents had to fulfill all inclusion criteria to be included in the follow-up group. As inclusion criteria we had: (i) age between 11 and 17 years old; (ii) prior authorization signed by coaches and parents; (iii) a minimum of six months of previous engagement for swimming group or absence of participation in any organized sport during the last six months (control); (iv) no use of medication that could affect bone metabolism; (v) a signed consent form.

The minimum number of adolescents per group (n=8) was previously estimated through an equation based in the parameters provided by the independent Student t-test. The parameter adopted were: mean difference between swimming and control groups (0.08 g/cm^2^), standard deviation for control group (0.06 g/cm^2^), standard deviation for swimming group (0.05 g/cm^2^), power of 80% and Z=1.96 \[[@B19]\]. Therefore, the minimum sample size of 32 adolescents was established (n=16 swimmers \[8 boys and 8 girls\] and n=16 controls \[8 boys and 8 girls\]).

The present follow-up study is part of a greater cohort study, which includes other sports. The realization of the study was divulgated to the Department of Sports (responsible by all public sport clubs), Department of Education (responsible by all public and private schools) and private sports clubs (located at metropolitan region and other cities around). Coaches (sport clubs) and principals (school units) were contacted after authorization of these administrative structures. Swimmers were contacted in sports clubs regularly registered in competitions at national level, while control group were contacted in three school units. At the end of the cohort period, the overall sample was composed of 55 adolescents (29 boys and 26 girls); the control group contained 29 adolescents (13 boys and 16 girls) and the swimming group was composed of 26 athletes (16 boys and 10 girls) participating in competitions at national level.

2. Data related to swimming and vitamin D score
-----------------------------------------------

Coaches reported training routines of athletes (mean= 1,051.9 min per week \[95% confidence interval (CI) 968.4-1,135.3\]; minimum 675 min per week and maximum 1,140 min week) and a minimum previous practice of six months was requested to consider the swimmer eligible to the cohort study (63.2 months \[95% CI 46.9-79.5\]; minimum 9 months maximum 155 months). The group of swimmers was engaged in a minimum of five days per week of training with a minimum of 130 min per session. Coaches also reported resistance training routines (n=14 swimmers \[53.8%\]; n=01 control group \[3.4%\]), which have been considered potential confounder in multivariate models.

A nutritionist created a questionnaire with foods rich in vitamin D commonly observed in Brazilian diet. The adolescents reported the frequency of consumption of vitamin D rich foods (Likert scale) during the week prior to evaluation (baseline \[Swimmers vs. Controls with *P*-value=0.522\] and end of follow-up \[Swimmers vs. Controls with *P*-value=0.827\]) and the sum of the generated score was considered proxy of vitamin D intake during the cohort period.

3. Bone mineral variables and body composition
----------------------------------------------

In both moments of the cohort study, BMD (in g/cm^2^), body fat (BF; in percentage) and fat free mass (FFM; in kilograms) were assessed using a dual energy X-ray absorptiometry (DXA) scanner (Lunar DPX-NT; General Electric Healthcare, Little Chalfont, Buckinghamshire, UK) with GE Medical System Lunar software (version 4.7). A trained researcher tested the scanner quality prior to each day of measurement, following the manufacturer\'s recommendations. The precision of the device for measurements of BMD in terms of coefficient of variation was 0.66% (n=30 subjects assessed in two opportunities). The participants wore light clothing, without shoes and remained in the supine position on the machine for approximately 15 min. BMD was measured at: (i) upper limbs, (ii) lower limbs, (iii) spine and (iv) whole body.

4. Biological maturation
------------------------

Body weight was measured using an electronic scale (Filizzola PL 150, Filizzola Ltda., Brazil), and height was assessed using a wall-mounted stadiometer (Sanny; American Medical do Brasil LTDA, São Bernardo do Campo, SP, Brazil). The leg length and sitting-height were measured using standardized techniques. These measurements were used to calculate the maturity offset, which denotes the time (years) from/to age peak of height velocity (PHV), an important maturational event.\[[@B19]\] Swimmers and control group were similar according to PHV in both baseline (*P*-value=0.077) and follow-up (*P*-value=0.141).

5. Statistical analysis
-----------------------

Descriptive statistics were presented as mean and standard error of the mean. Repeated measures analysis of variance (ANOVA) analyzed the effect of swimming and sex on body composition variables (adjusted by chronological age \[baseline\], vitamin D score \[baseline\], PHV \[baseline and mean difference between baseline and follow-up\], engagement in resistance training \[baseline\] and previous practice of swimming in months \[baseline\]). Measurements of the effect size were provided by Eta-Squared (ES-r; small effect size 0.010, medium effect size 0.060 and large effect size 0.140). Partial correlation analyzed the relationship between time of previous practice and BMD modifications among adolescents of both sexes, adjusted by confounders. All statistical procedures were conducted using BioEstat software, version 5.2 (Bioestat, Tefé, Brazil) and statistical significance set at 0.05.

RESULTS
=======

Overall sample was composed of 55 adolescents (29 boys and 26 girls). At baseline, boys and girls were similar in age (boys 12.7±2.1 years, girls 13.1±2.1 years; *P*=0.526), age PHV (boys -2.17±1.6 years, girls: -1.77±1.48 years; *P*=0.363), BMD (boys 1.045±0.097 g/cm^2^, girls 1.042±0.107 g/cm^2^; *P*=0.903) and bone mineral content (BMC) (boys 2165.1±571.1 g, girls 2055.7±538.9 g; *P*=0.470).

Among boys, FFM values were similar between control and swimming groups at baseline, while during the follow-up swimmers presented higher gains (Control 2.35 kg vs. Swimming 5.14 kg; large effect size \[ES-r=0.168\]) Body mass and height were similar between swimmers and controls, while swimmers were slightly older than control group at baseline (*P*=0.043). Similarly, gains in BMD-Spine were higher among swimmers compared to control adolescents (Control 0.049 g/cm^2^ vs. Swimming 0.087 g/cm^2^; large effect size \[ES-r=0.167\]) ([Table 1](#T1){ref-type="table"}). Girls, however, presented no differences when comparing the control and swimming groups. Body mass and height were similar between swimmers and controls, and different than observed among boys, chronological age was similar between swimmers and controls at baseline (*P*=0.344) ([Table 2](#T2){ref-type="table"}).

Taking into account the engagement in swimming, boys gained more FFM than girls (10.63% vs. 3.39%, respectively). In the multivariate model that compared swimmers boys and girls, there were no significant covariate, but even non-significant, the baseline values of PHV explained 15.1% of the variance observed in gains of FFM. Similarly, among control adolescents, boys gained more BMD in spine than girls (8.47% vs. 4.32%, respectively) ([Table 3](#T3){ref-type="table"}).

The relationship between previous time engaged in swimming and modifications in BMD identified that longer participation negatively affected gains in upper limbs among boys (r=-0.438 \[-0.693 to -0.085\]), and in spine among girls (r=-0.651 \[-0.908 to -0.036\]) ([Fig. 1](#F1){ref-type="fig"}).

DISCUSSION
==========

This longitudinal study analyzed the effect of swimming on bone density gains among Brazilian adolescents and found that boys gained more whole body FFM and BMD in the spine than girls, despite participating in swimming. Additionally, we identified that longer participation in swimming negatively affected BMD gains in both sexes.

Since early age, sex seems to affect the effect of physical exercise on bone. In adolescence, there is a large increase in bone mass due to growth spurt and higher mineralization rate,\[[@B20][@B21][@B22]\] which is higher in boys and determines the stores observed in adult life.\[[@B23]\] The different gains observed between boys and girls are similar to other studies \[[@B17][@B18]\] and it can be explained at least in part by hormonal characteristics that affect the metabolic processes during this maturation period.\[[@B24]\]

Moreover, gains in FFM among male swimmers could be also used to explain these sex differences, because lean tissue mass is an independent predictor of regional and total BMD.\[[@B12][@B25][@B26][@B27]\] The relationship between BMD, total body weight and lean mass is supported by previous studies.\[[@B25][@B27]\] Therefore, bone could be considered a calcified tissue sensitive to loading and muscular contractions \[[@B25]\] and thus more sensitive in male adolescents due to the higher FFM gain.

Maturational aspects affect the differences in FFM gains between boys and girls. Among swimmers, baseline values of PHV explained 15% of the variance observed among boys and girls for FFM changes, while the same phenomenon was not observed in the control group, in which baseline values of PHV explained only 0.4% of the variance in FFM changes. Our findings identify that the effects of biological maturational on FFM gains can be boosted by sport participation, but additional studies are necessary to better understand the relationship between sports and maturation.\[[@B28]\]

Despite the beneficial effect of swimming on FFM, we identified that longer time engaged in swimming negatively affected BMD gains in upper limbs among boys and in spine among girls, consistent with the results found by Czeczelewski and colleagues.\[[@B29]\] This result could be explained due to the fact that swimming reduces the effect of gravitational forces on bone structure,\[[@B20][@B30]\] which is considered essential for shaping bone density.\[[@B31][@B32]\] Moreover, swimmers usually spend less time in weight-bearing daily activities.\[[@B17][@B18]\]

Another hypothesis to explain this finding is based on the fact that exercise performed at high intensity drives up levels of pro-inflammatory markers such as C-reactive protein and interleukin-6, reducing the action of the growth hormone (GH) / insulin-like growth factor (IGF-1) axis, thus resulting in a catabolic response in the bone tissue.\[[@B33]\] The exhaustive exercise routine, which athletes are expose to, can increase significantly inflammatory markers in bloodstream \[[@B33]\] leading to catabolic effects, mainly when maintained by long periods.

The negative relationship between time of practice and bone gains is a relevant concern, because its effects could be harmful later in life. For instance, in post-menopausal former athletes, BMD and BMC do not differ between swimmers and runners, while the same variables are significantly higher in athletes when compared to controls.\[[@B34]\] The increased muscle mass and strength in athletes reflects significant physical training they used to undergo, which positively affects bone health later in life, preventing the decline in muscle and bone mass, reducing the likelihood of falling, and delaying morbidity and mortality.\[[@B14]\] On the other hand, even with significant improvements of FFM in swimmers, swimmer\'s bone structure was not benefited, denoting that the osteogenic effect linked to muscle contraction seems more effective when performed in environments with normal gravity.

As limitations we recognize the lack of information regarding genetic predisposition, environmental factors, hormonal status and nutritional intake. While exercise plays a fundamental role on bone health and it was analyzed in the current investigation, studies have shown that bone catabolism and reduced bone formation may occur if energy intake is insufficient.\[[@B35]\] Moreover, insufficient calcium intake as well as inadequate calcium-to-phosphate and protein-to-calcium ratios could have played an important role on decreased BMD among swimmers.\[[@B29]\] Finally, sex hormones and balance between pro and anti-inflammatory markers are important in the maintenance of bone health among athletes performing high volumes of endurance training.\[[@B36][@B37]\]

In summary, over a 9-month follow-up, BMD and FFM gains were more evident in male swimmers, while longer engagement in swimming during childhood and adolescence seems negatively related to BMD gains, independently of sex.
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###### Effect of swimming on body composition variables among male adolescents (n=29)

![](jbm-23-149-i001)

^a)^Model adjusted by chronological age (baseline), vitamin D score (baseline), peak height velocity (baseline and mean difference between baseline and follow-up), engagement in resistance training (baseline) and previous practice of the swimming in months (baseline). ^b)^ANOVA with *P*\<0.05.

ANOVA, analysis of variance; SEM, standard error mean; BMD, bone mineral density; FFM, fat free mass; BF, body fatness; DXA, dual energy X-ray absorptiometry; SW, swimming; ES-r, eta-squared.

###### Effect of swimming on body composition variables among female adolescents (n=26)
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^a)^Model adjusted by chronological age (baseline), vitamin D score (baseline), peak height velocity (baseline and mean difference between baseline and follow-up), engagement in resistance training (baseline) and previous practice of the swimming in months (baseline).

ANOVA, analysis of variance; SEM, standard error mean; BMD, bone mineral density; FFM, fat free mass; BF, body fatness; DXA, dual energy X-ray absorptiometry; SW, swimming; ES-r, eta-squared.

###### Body composition changes (%) in adolescents according to swimming and sex (n=55)
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^a)^Model adjusted by chronological age (baseline), vitamin D score (baseline and follow-up), peak height velocity (baseline and mean difference between baseline and follow-up), engagement in resistance training (baseline) and previous practice of the swimming in months (baseline). ^b)^ANOVA with *P*\<0.05.

CI, confidence interval; BMD, bone mineral density; FFM, fat free mass; BF, body fatness; DXA, dual energy X-ray absorptiometry; ES-r, eta-squared.
